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1. PURPOCSE. This advisory circular (AC) provides information and
gui dance concerni ng accept abl e neans, but not the only neans, of
show ng conpliance with Part 23 of the Federal Aviation Regul ations
(FAR), Part 3 of the Gvil Ar Regulations (CAR), or earlier
correspondi ng regul ations applicable to auxiliary fuel system
installations. Accordingly, this material is neither mandatory nor
regul atory in nature and does not constitute a regul ation.

2. SCOPE. This AC provides guidance and criteria for the
instalTation of auxiliary fuel systens in Part 23 airplanes. It is
intended to be used for auxiliary fuel systeminstallations in the
ai rplane including fusel age, wing, or external configurations.
Installations that involve changes to primary structure,
aerodynam cs, airspeed, mass distribution (will induce flutter
changes), maxi num wei ght, or changes in center of gravity (c.g.)
limts require additional substantiation, that is beyond the scope
of this AC.

3. APPLI CABLE FAR SECTI ONS AND RELATED DOCUMENTS.

a. Applicable Sections. Applicable sections of the FAR are shown
in specific paragraphs, as well as listed bel ow

§ 23.561 § 23. 843 § 23. 1337
§ 23.571 § 23. 853 § 23. 1351
§ 23.601 § 23. 863 § 23. 1357
§ 23. 603 8§ 23. 867 88§ 23. 1501
t hrough 23. 1529
§ 23. 609 § 23.901 § 23.1541
§ 23.613 § 23.903 § 23.1543
§ 23.615 88§ 23.951 § 23. 1553
t hrough 23.1001 § 23. 1555
§ 23.619 § 23.1011 § 23. 1557
§ 23.625 § 23.1183 8§ 23. 1581
8§ 23.777 § 23.1189 t hrough 23. 1589
§ 23.787 § 23. 1305

b. Related Docunents. Related AC s and reading material are
listed in appendi xes 2 and 3 respectively.
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4. GENERAL. Before determining the auxiliary fuel system configuration
and nodi fying the airplane, the applicant should becone fanli ar
with the existing airplane structural and systens characteristics
and functions, and with the applicable certification requirenents.
To avoid structural and systens conpatibility problens, a working
know edge of the airplane is essential. |In particular, the
applicant should determne the effects of the addition of the
auxiliary fuel systemon payload, c.g., mass distribution induced
flutter changes, system and airplane operations, and structural
mar gi ns. When in doubt about any certification requirenent, the
applicant should consult with the FAA aircraft certification office
responsible for his project early in the design programto avoid
costly changes late in the program

5. CERTI FI CATI ON BASI S.

a. New Type Certificates. For the issuance of a new type
certificate, an airplane nust be shown to conply with the
certification basis established in accordance with § 21.17 of the
Federal Aviation Regulations (FAR). If the regulations do not provide
adequate or appropriate standards because of a novel or unusual design
feature, special conditions will be prescribed in accordance with
§21.16.

b. Oher Design Changes. For other design changes, such as the
addition of a new nodel to an existing type certificate or
nodi fication of an existing nodel, the airplane nust be shown to
conply with the certification basis established in accordance with
§ 21.101. Cenerally, the applicant may choose conpliance with the
regul ations incorporated by reference in the type certificate (the
original certification basis) or with the applicable regulations in
effect on the date of the application for approval of the auxiliary
fuel system (current rules). |If the original certification basis does
not provi de adequate or appropriate safety standards because of novel
or unusual design features, conpliance with current rules nay be
prescri bed in accordance with 8 21.101(b). |If neither the original
certification basis nor current rules provide adequate or appropriate
st andards, special conditions will be prescribed in accordance with °
21.16. Although sections of Part 23 are referenced in this AC the
references should be interpreted to be the correspondi ng sections of
the earlier applicable certification basis.

c. Unsafe Features or Characteristics. Notw thstanding
conpliance wth the established certification basis, 8§ 21.21 precludes
approval if there is any feature or characteristic that makes the
ai rpl ane unsafe. The applicant should recognize that it may be
necessary, because of such a feature or characteristic, to inpose
speci al requirenents which exceed the standards of the certification
basis, to elimnate the unsafe condition
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6. PROCEDURES. 1In order to avoid del ays and possi bl e expensive
redesign, it is strongly reconmmended that the follow ng procedures be
foll owed. After the applicant has nade application for approval of an
installation, the applicant shoul d:

a. Submt a proposed overall certification program plan that
identifies the essential steps or actions and the sequence antici pated
for submtting reports, draw ngs, process specifications, analyses,
tests, and other docunentation to conplete the installation approval.
Thi s program plan should i nclude the proposed or target schedule for
t he required FAA approval tests and inspections.

b. Generate a certification test plan which describes the
anal ytical procedures or qualification testing to be used to
denonstrate the design adequacy. Each plan should Iist the applicable
FAR and descri be how each requirenent will be net. 1In addition, the
pl an shoul d include a description of the airplane or test articles to
be used, draw ngs, nethod of production simulation (if applicable),
and the target date for installation and test. The certification test
pl an should be submtted for review and concurrence by the appropriate
FAA aircraft certification office prior to initiation of tests, to
prevent certification del ays.

c. After the FAA has reviewed and accepted the test plan, a Type
| nspection Authorization (TIA) will be issued to specify the required
official ground and flight tests.

d. Schedul e FAA conformty inspection of the test installation.

e. Schedul e and conduct the ground and flight test(s) wth FAA
W t nessi ng.

f. Submt final test reports describing all test results and
obt ai n FAA approval.

7. DI SCUSSI ON.

a. Ceneral. The addition of auxiliary fuel tanks to an airplane
shoul d not conprom se the basic integrity of the original fuel system
These installations should conply with the appropriate regul ati ons
required by the certification basis of the particular airplane.

The auxiliary fuel system should be evaluated in conjunction with the
mai n fuel systemto ensure that no hazardous fuel transfer or feed
conditions exist. The criteria used to make this evaluation wll
depend on the type of auxiliary fuel system selected. The
requirenents for the two primary types of auxiliary fuel systens, the
transfer and the direct feed type, vary considerably. The transfer
type system supplies fuel fromthe auxiliary tank to an existing main
tank(s). In at |east one operating node, the direct feed system
supplies fuel directly to an engine.
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The requirenents for a direct feed auxiliary fuel systemare
considerably nore stringent than those for a transfer auxiliary fuel
system In general, these requirenents ensure that an uninterrupted
flow of fuel at the required pressure and flowrate is provided to
each engine for all operating conditions of the airplane. For turbine
engi ne airplanes, these provisions should be automatic to neet the
requi renments of 8 23.955(f)(2). These requirenents al so address
altitude performance effects and | ow and hi gh tenperature fuel aspects
as well as providing fuel systemindependence in at |east one
configuration. Failure node and effects anal yses (FVMEA) are needed to
ensure that no hazardous conditions exist due to a failure of the
auxiliary system Continuous engi ne operation should be verified when
the auxiliary tank systemis depleted of fuel in order to prevent
engi ne flameout or other unacceptabl e operating conditions.

Transfer type systemrequirenents are not as stringent but do require
basi ¢ fuel system considerations such as damage to tank and vent |ines
due to excessive pressure fromoverfilling, high and | ow tenperature
fuel effects, transfer rates, drainage, altitude effects, etc. The
auxiliary tank depletion characteristics should also be evaluated to
ensure that air entrainnent, etc., do not alter main tank perfornance.
The applicant should determ ne when transfer to a main systemtank
shoul d be established and whether the transfer should be in increnents
or continuous. The auxiliary tank quantity, flow rates, main system
tank levels, etc., are considerations for when to initiate the
transfer and should be a part of the AFM procedures and limtations.

| f m sconfiguration of the fuel systemcan result in an unsafe
operating condition, cockpit annunciation of the condition should be
provi ded.

b. Structural Considerations (8 23.561).

(1) Design Criteria and Structural Loads.

(1) The extent of structural substantiation required
depends on the magni tude and | ocation of the added fuel and the
nmodi fications required to accommodate the fuel tank installation.
Eval uation of the tank attachnment hardware and | ocal structure nay be
sufficient; however, installations that involve changes to primary
structure, aerodynam cs, maxi mum wei ght changes, or changes in c.g.
limts may require additional substantiation that is beyond the scope
of this AC

(1i) The tank installation design should isolate the tank
itself fromairframe induced structural |oads and from deformation
i nduced by the wing and fusel age, except for integral type tanks.

(ti1) The fuel tank and its attachnment and support
structures should be designed to withstand all design | oads, including
cabin pressurization and the energency |anding | oad specified in
8§ 23.561. The requirenent for retention of fuel as required by
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8§ 23.967(e) should al so be addressed for these | oads as well as
dynam c |l oads. The requirenents of 8§ 23.571 should be addressed as
required for the fuel tank

(iv) Fuel loads included in the structural substantiation
shoul d be based on the nost critical density of the fuels approved for
use in the airplane.

(v) The fuselage is limted to design values that cannot
be exceeded wi thout resubstantiation. Tradeoffs between passengers,
cargo, and fuel may be nade provided the allowable floor, bul khead,
and | ocal shell |oads are not exceeded.

(vi) The follow ng should be considered in the eval uation
of the tank and tank support structure in accordance with the
applicable certification basis:

(A) Tank internal pressure devel oped during
mal function of the pressure type fueling system if applicable. Tank
pressure due to fuel head in conbination with gust |oads should al so
be consi der ed.

(B) Except as provided in 8 23.625(a) or (b), a
fitting factor of at least 1.15 should be applied to all tank support
fittings and their attachnment to the tank.

(C Al probable conbinations of fuel distribution
in multiple tanks, including slosh, should be accounted for in
defining tank structural | oads and airpl ane wei ght and bal ance.

(D) To preclude rupture and provide durability, the
face sheet thickness should be sufficient for the applicable | oad
requi renents and to prevent accidental damage. Were alumnumis used
for these purposes, thicknesses are typically not |ess than 0.020 inch
for the outer face sheets or 0.040 inch for the inner face sheets.

(E) The requirenents of 88 23.963, 23.965, and
23.967 are applicable.

(vii) Installation of wing auxiliary tanks shoul d address
the increased w ng | oads.

(2) Structural Mdification.

(1) \Were existing structure is being nodified for the
tank installation, adequate reinforcenent should be added as necessary
to maintain structural integrity equal to or better than the original
structure.

(1i) Modifications such as cutouts, tank support
attachnments, and service openings through exterior skins, should not
degrade structural |oad capability or |lead to reduced fatigue
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capability. |If holes are cut through the pressure vessel for
auxiliary fuel systemlines, etc., special care should be taken to
reseal the penetrations, particularly those affecting the pressure
vessel. The fusel age should be pressure tested in accordance with the
requi renents of 8 23.843; and if major nodifications are made to the
cabin pressure vessel, a fatigue evaluation should be acconplished as
required by 8 23.571.

(ti1) The effect of the nodification on the existing
mai nt enance program including the structural supplenental inspection
program if applicable, should be considered and appropriate changes
made in accordance with § 23.1529.

(3) Crash Overload. Hard attachnment points between the fuel
tank and airframe structure restrict relative notion and, in turn,
i npose high concentrated | oads on both the tank and the airfranme. In
order to limt the magnitude of these concentrated | oads, crash | oad
failure points are typically | ocated between the tank and airfrane.
In addition:

(1) Attachment point |oads should be evenly distributed
to mnimze the possibility of fuel tank rupture.

(i) In the event of an overload condition, the failure
shoul d occur at sonme point between the tank attach fitting and the
basic airframe and floor structure to mnimze potential body tank
rupture. \Where possible, the design should prevent failure of the
tank support fromcausing failure of the fuel lines, for the maxi num
tank di splacenent that could occur. It may be necessary to
i ncor porate redundant supports, flexible secondary supports, or
secondary constraint bul kheads to acconplish this.

c. Tank Location Criteri a.

(1) Uncontained Engi ne Rotor and Bl ade Fail ure Consi derations
for Turbine Powered Airplanes (8§ 23.903).

(i) The applicant should evaluate the | ocation of fuel
tanks and ot her fuel system conponents fromthe standpoint of
protection afforded agai nst uncontai ned engine and auxiliary power
unit (APU) rotor or blade failures. For this evaluation, the
applicant should review the informati on and recomendati ons given in
AC 20-128, "Design Considerations for Mnim zing Hazards Caused by
Uncont ai ned Tur bi ne Engine and Auxiliary Power Unit Rotor and Fan
Bl ade Failures,"” or any supersedi ng FAA gui dance material. The
applicant should also obtain infornmation about the contai nnent
features which may be incorporated in the particul ar engi nes or APU s
used on the airplane involved. The energy |evels of uncontained
rotor/ bl ade fragnents specified by the engi ne/ APU manuf acturer shoul d
be used.
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(i) For certification conpliance, a report addressing
t he above consi derations should be prepared and submtted. The report
shoul d adequat el y consi der uncontai ned rotor and bl ade failures from
all engi ne and APU sources which nmay affect the integrity of the
auxiliary fuel system The report should al so show that design
precautions have been taken to m nim ze hazards to the airplane in the
event of these failures and that the airplane safety | evel has not
been degraded by the auxiliary fuel tank/systeminstallation.

(2) Installations in Cargo and Baggage Conpartnents
(8 23.787).

(1) The various conponents for the auxiliary fuel system
installed in cargo and baggage conpartnments should be protected from
damage caused by shifting cargo. A cargo barrier, either rigid or
fl exi ble, should be used to separate the auxiliary fuel systemfrom
the cargo. This barrier should be designed to contain the maxi num
cargo loading for which the conpartnent is approved under all | oad
conditions including the enmergency |anding condition. (8 23.561)

(i) Wien the fuel systemis installed in cargo and
baggage conpartnents, ensure all material used, including cargo
barriers and replacenent conpartnment |iners, neet the applicable
flammability requirenments. As a mninum a cargo barrier should neet
the flammability requirenments of cargo and baggage conpartnent |iners.
(8 23.863)

(iii1) If holes are cut through cargo and baggage
conpartnent liners for auxiliary fuel systemlines, care should be
taken to reseal the |iner.

(tv) Wen the auxiliary fuel systemis designed to be
qui ckly renoved, consideration should be given to the nethod for
reseal ing or plugging holes while the systemis renoved. Conplete
mai nt enance instructions should be provided detailing the nethod of
removal , resealing, and restoring the airplane essentially to its
original configuration. (8 23.1529)

(v) Auxiliary fuel systens are frequently installed in
cargo conpartnents. |If the tank and conponent secondary barriers are
capabl e of withstanding a cargo conpartnent fire so that the safety of
the airplane is maintained, then the secondary barrier materials are
acceptable. These fire resistant characteristics should be equival ent
to the liner materials of the conpartnent where they are |located. The
system shoul d al so be evaluated with respect to materials fromthe
standpoint of toxic gas release under fire conditions. No materials
shoul d be used which act as a fuel for fires. Avoid the use of
magnesi um or fl ammabl e resins, sealants, and coati ngs.

(3) Design and Location. Section 23.967(e) is applicable
and shoul d be addressed.
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d. Airplane Fuel System Conpatibility (88 23.901(b)(1), 23.951,
23.953, 23.955, 23.957, 23.961, 23.995, and 23.1189).

(1) Interface Considerations.

(1) The interface of the auxiliary fuel system and the
exi sting airplane fuel system should be evaluated. Use of existing
fuel systemlines and mani fol ds can provi de consi derabl e wei ght
savi ngs; however, the functions of these |lines should be checked to
ensure that the added usage does not conflict wth other requirenents.

NOTE: Shoul d existing fuel Iines and manifol ds be used, special care
shoul d be taken to ensure that air is not introduced into the main
fuel systemduring normal and abnormal use of an auxiliary system

(i) Interface with the existing airplane vent system for
venting of the auxiliary tank(s) should be evaluated. The existing
vents have been sized to maintain acceptable pressure |evels during
refueling and flight maneuvers. Wen conbining the systens, unless it
is obvious by analysis, the applicant should verify that no failure
conditions result in an overpressure condition, i.e., during refueling
or energency descent. Sone systens may require two-phase flow
analysis (air venting fromone tank and liquid fuel venting from
anot her tank through a conbi ned vent system. |If the main fuel system
tanks use flexible tank liners, it nmay be necessary to show by
anal ysis or test that the conbi ned vent system does not cause any
hazar dous bl adder collapse in the main systemtanks due to rapid
descent or other operating condition.

(ti1) Wen the auxiliary fuel system arrangenent has been
determ ned and the interfaces with the main fuel system have been
established, a total system analysis should be conducted to ensure
that no hidden failures in the systemcould |ead to an unsafe
operating condition. Analyze the systemfor all nodes of operation,

i ncludi ng venting, pressure fueling, defueling, transfer, engine feed,
crossfeed, and energency fuel dunping. For exanple, the auxiliary
tank system shoul d be designed so that failure of the system could not
result in undetected or uncontrollable transfer of fuel fromthe main
tank to the auxiliary tank when the main tank systemis in its nornmal
operating configuration.

(2) Oher Considerations. Oher systens should al so be
eval uated for conpatibility with the auxiliary fuel system Ensure
that the auxiliary fuel systemelectrical power demands do not overtax
the airplane electrical system Use auxiliary fuel system cockpit
i ndi cators and nonencl ature which are conpatible with the existing
cockpit displays. Adequate cockpit display to indicate auxiliary tank
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depl etion or inproper fuel scheduling should be provided and cockpit
i ndication of low fuel state, c.g., unbal ance or other unsafe
condition should be considered for the particular installation. It
shoul d not be possible to select fuel fromnore than one tank at a
time unless the tank vents are interconnected.

(3) Control and Shutoff (88 23.995 and 23.1189). Sections
23.995 and 23.1189 should be conplied with for valves, controls, and
shut of f s.

e. Ceneral Arrangenent Eval uati on.

(1) SystemLayout. In addition to the criteria described in
t he previous section, consideration should be given to the foll ow ng:

(i) Line Routing, Flexibility, and Support (8§ 23.863
and 23.993). General fuel systempractices should be adhered to in
installing fuel and vent lines (refer to AC 43.13-1A). Al flexible
i nes shoul d be adequately supported along the entire line
installation I ength. Ensure that |ines cannot chafe against control
cables, airfranme structure, or other equipnent itens. Avoid |ocating
lines near high tenperature sources or near electrical wiring. Were
close proximty of a fuel line to electric wiring is unavoi dabl e,
| ocate the fuel line so that | eakage cannot drip onto the wring.
Ensure that the fuel line is adequately clanped to structure to
mai ntain the required spacing. Do not support wire bundles fromfuel
or vent lines. |If adequate conpartnent ventilation or fuel |ine
shroudi ng cannot be provided, isolation of electrical wiring from fuel
lines may require a vapor barrier or a conduit for the wring.
Undr ai nabl e | ow spots in vent and fuel |ines should be avoi ded.

(i1) Fuel Tank and Conponent Location, Access, Mounti ng,
and Protection (88 23.901, 23.963, 23.965, 23.993, and 23.994).

(A) Each auxiliary fuel tank or tank nodul e design
shoul d be evaluated for the basic requirenents of 8§ 23.963 and
23.965. These requirenents address, for exanple, the basic integrity
of the tank, bladder cell requirenents, and the tank tests, such as
sl osh and vi bration, that may be required.

(B) As a general rule, all conponents, such as
val ves, pressure transmtters or switches, filters, etc., should be
directly mounted to the airplane structure or to supports which are
directly attached to the structure. However, conponents may be
mounted to the fuel tank to mnimze relative notion

| f fuel or other systemlines or fittings are used to support
auxiliary fuel system"in-line" small/lightweight conponents, it
shoul d be shown that this practice does not result in excessive
structural stresses when subjected to the vibration and ot her | oads
expected in service.
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(© Although function should dictate the
appropriate location of conponents in the airplane, there is usually
sone | atitude which can allow selection of a specific area which is
nmore suitable than others. Conponent |ocation should be considered
fromthe aspects of both access and protection. Access is
especially inportant for conponents which may require routine
periodi c inspection and mai nt enance such as strainers, filters, and
drain val ves or conponents with known short service |ife expectancy.
Wher e possi bl e, such conponents should be | ocated in areas where
there are currently existing access doors and openi ngs on the
ai rplane. \When new access provisions are required, |ightning and
crashworthiness vulnerability as well as structural security should
be consi dered.

(D) For conponents which are |ocated inside the
fuel tanks, the crashworthi ness aspects of the installation should be
consi dered. Means shoul d be provided to prevent conponent sharp edges
frompenetrating the tank surface due to deflection of the surface
under crash | oad conditions should be provided, especially where
flexi ble tank bl adder cells are used.

(ti1) Tank Penetration Points (Access, Quantity Probes,
Fl oat Switches, and Fuel Fittings) (88 23.963, 23.973, 23.975,
23.977).

(A) The location and arrangenent of all tank
penetration points should be considered. Tank penetration points are
all locations where openings exist in the tank walls for access
(i nspection or repairs), for nounting fuel quantity probes, fl oat
switches, etc., and for tank venting, draining, fuel transfer, or
fueling.

(B) Auxiliary tanks should have access openi ngs
| arge enough to permt conpletion of required inspections. Conponent
and |ine penetrations nay be usabl e as access/inspection openi ngs,
dependi ng on size and | ocation, and should be eval uated for
acceptability.

(© The fuel tank filler, fuel jettison, and vent
openi ngs shoul d be designed so that they open external to the airplane
and prevent spilled fuel fromentering any part of the airplane.

(tv) Electrical Wring Routing and Support. Refer to AC
43. 13- 1A, "Acceptabl e Methods, Techniques and Practices--Aircraft
| nspection and Repair,"” for nore details regarding routing and
supporting of wres.

(2) Fuel Containment Secondary Barriers (88 23.967 and
23.853). For auxiliary fuel systens which are lTocated in the
passenger or cargo and baggage conpartnments (appendi x 1), isolation of
the fuel and fuel vapors fromother areas of the conpartnent is of
critical inportance. Tanks, lines (including flexible |lines),
fittings, connections, and other conponents, such as valves, pressure

10
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transmtters, regulators, etc., should be shrouded or provided with
redundant barriers so that | eaks fromany of these sources cannot
present a hazard. Sonme of the inportant characteristics of the
secondary barrier system are:

(1) The system should be capabl e of containing and
i sol ati ng any | eakage.

(1i1) Secondary barrier spaces should be vented and
drained in accordance wth acceptable practices to prevent the
accurnul ati on of fuel or fuel vapor. The drain systemalso serves as a
periodi c visual neans of detecting any | eakage in the auxiliary fuel
system For this reason, shroud drains should not be connected to
other types of fluid drain systens.

(ti1) The secondary barrier drain systemmaterial s,
construction, and sealing characteristics should be conpatible with
fuel and capable of long Iife under the altitude/cabin pressure
cycling, vibration, and wear that they may be exposed to in service.
It is acceptable, with no further show ng of conpliance, to use the
same materials, construction, and sealing as originally approved in
the airplane type design, and specified in the Airplane M ntenance
Manual 1f service experience has been acceptabl e.

(tv) The drain system should be reviewed fromthe
installation |ocation aspects to preclude the possibility of
i nadvertent damage by ground personnel or shifting cargo.

(3) Tank, Fuel, and Vent Line and Conponent Shrouds
(8823.853 and 23.967).

(1) Auxiliary fuel tanks installed in a passenger or
cargo and baggage conpartnent should be conpletely shrouded. This
means that all fittings connected to and through the tank walls should
al so be provided with secondary barriers.

(1i) Al vent and fuel lines, fittings, and connections
in a passenger or cargo conpartnment should al so be shrouded.

(tri1) Valves and other conponents, unless otherw se
prot ected, can have possible | eak paths through shafts and at control
nmot or and sol enoi d connections or other seals in addition to their
i ne connections, and should be conpletely shrouded.

(tv) Electrically operated conponents are of particul ar
concern because of the possible need to route electrical |eads through
the secondary barrier spaces. The space should be considered an
abnormal vapor zone containing flammable fluid simlar to the interior
of the fuel tank. Thus, an evaluation of the electrical connector and
W ring tenperatures should be nmade for both nornmal and fault | oad

11
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conditions. It may be necessary fromthis evaluation to install the
Wi ring in vapor-proof conduit, except where shown to be intrinsically
saf e.

(4) Fuel Tank Secondary Barrier Cavity Venting (8 23.967).
The changes in tank secondary barrier cavity pressure during al
ai rpl ane maneuvers, including energency descent, should be accounted
for in the design of the auxiliary fuel tank. Bladder type tanks may
be critical under enmergency descent conditions, depending on the
cavity vent line sizing. The vent/drain configuration should provide
the required positive and negative pressure relief between the outer
shell and the bl adder or inner wall to prevent coll apse or
over expansi on of the inner tank. Depending on the |ocation of the
overboard vent/drain exit and the airflow characteristics around the
exit or exit mast, a flight test may be required to evaluate the
enmergency descent characteristics of the cavity vent systemwth the
airplane in both the "clean" and "wheels and flaps down"
configuration.

(5 Oher Secondary Barrier Vent and Drain Provision
(88 23.954 and 23.967).

(1) Al secondary barrier spaces should be vented and
drai ned. The spaces in sone designs are mani fol ded for venting and
drai nage or are independently vented and drained. Eventually, al
cavities should vent and drain to an exit external to the airplane.
The overboard exit should be |located to prevent fluid reingestion into
such areas as the wheelwell and other critical areas of the airplane.
On many airplanes, there are existing exit drain masts which are used
to vent and drain the secondary barrier cavities of the airplane's
mai n fuel tanks. The use of these existing drain masts is
recommended. The attachment of the auxiliary systemdrain to the
exi sting airplane drain should ensure that backfl ow does not occur in
ei ther system

(i1) For secondary barriers, the cavity vent and drain
exit should al ways be open and vented to anbient pressure. Avoid the
use of push-to-drain valves at both ends of the drain to check the
cavity condition. Miltiple drain outlets utilizing push-to-drain or
ot her type valves should not inhibit venting.

(tit) If a newdrain exit is required, consider carefully
the |l ocation and configuration fromthe standpoint of |ightning
vul nerability and conductivity. Drain masts should not be | ocated
upstreamof air inlets or other openings in the airplane external
surface. Physical inspection by the cognizant personnel of all drain
| ocations on the actual airplane should be acconplished to ensure al
interfaces are considered. Unless it is obvious by inspection,
verification should be acconplished by inpingenent tests conducted in
flight to ensure that liquid discharge fromthe drain exit will not

12
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cause a hazard or reenter at another airplane surface. It should be
ensured that freezing does not occur nor does icing buildup cause
suction venting during the tests and that the test results are
representative of a fuel |eak.

f. Fuel System Contamination Prevention Assessnent (88 23.951
23.971, 23.977, and 23.997). The primary concerns of fuel
contamnation with respect to auxiliary fuel system design are water
and debris contam nation. The certification requirenents are quite
specific, and the installer should be famliar with the requirenents
of 8§23.971, Fuel Tank Sunps, and § 23.977, Fuel Tank Qutlets. There
may al so be a need to refer to § 23.997, Fuel Strainer or Filter.
This regul ati on woul d be applicable for auxiliary fuel systens which
feed fuel to a positive displacenent punp which, in turn, feeds the
engine or to sone alternate auxiliary fuel tank direct engine feed
system The existing nmain fuel system design should already satisfy
§ 23.997 requirenents. The installer should, however, verify that
these requirenents are nai ntai ned when an auxiliary fuel systemis
installed. For turbine powered airplanes, an eval uation of the
original and auxiliary fuel system should be done to satisfy the
requi renents of 8 23.951(c). The follow ng features should be
considered wwth respect to auxiliary fuel system contam nation.

(1) Fuel Tank Sunps and Fuel Strainers.

(i) Sunp Location and Capacity.

(A) Sunps should be installed at the | owest point
in the auxiliary fuel systemwth the airplane in its normal static
ground attitude. This should allow water in the systemto mgrate to
the sunp where it can be drained before flight. The sunp nmay be an
integral part of the tank, providing the bottomof the tank is the
| onest point in the system or may be a single separate tank
specifically installed for sunping purposes. If the sunp is a
separate tank and | ocated wthin a passenger or cargo conpartnment, it
shoul d be designed to the shrouding criteria set forth previously for
fuel tanks including the overboard drain exit requirenents.

(B) Sunps and sunp tanks shoul d have the capacity
specified in 8 23.971. If a single sunp tank is used for a nunber of
tanks or nodul es that are interconnected together to function as a
single tank system the required capacity of the sunp is based on the
capacity of the total tank system Al tanks nust be conpletely
drai nable to the sunp tank.

(i) Sunmp Drain Provisions. All sunps should have
provi sions which allow conpl ete drainage of the sunp. These drai nage
provi sions should be carefully designed to provide high reliability in
service and protected to prevent the possibility of |eakage from
damage as a result of a wheels-up landing. Drain valves should be the
positive | ocking type and be reliable. Lightning aspects of the
over board access shoul d be addressed as di scussed |later. Locate the
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drain valve at or near the sunp. Do not |ocate drain valves on the
bottom surface of the fuselage or other areas where they may be

i nadvertently damaged or opened. [In passenger cargo conpartnents,
sunp drains should be shrouded in accordance with the provisions
descri bed previously and the shrouds provided wth vents per normnal
shroud procedures.

(ti1) Fuel Strainers (88 23.951 and 23.977).

(A) One purpose of using a fuel tank outlet
strainer is to prevent the intrusion of debris of a size sufficient to
damage or jam conponents downstream of the tank outlet. Fuel
strainers of this type should be used in the fuel tank outlets of
auxiliary tank systens which transfer fuel by nechanical punp neans or
whi ch have gravity fuel fillers incorporated, where there is a
probability of debris inadvertently entering the tank.

(B) The nesh or size requirenents are defined in
8§ 23.977. However, because of the problemof icing, the effective
flow area of the strainer should be sel ected considering also the
requi renents of 8 23.951(c). Fine nmesh should not normally be used in
this application.

(2) Fuel and Vent System Low Points (8 23.975). Avoid
creating low points in routing fuel and vent lTines. It is
particularly inportant to elimnate | ow points in vent and drain
lines, where water may coll ect and freeze, blocking the lines. Were
traps in the vent system are unavoi dabl e, drains should be install ed.
Dependi ng on the particul ar design, these drains may allow the fluid
to flow back to the tank. \Where possible, drain |ines should be
routed to provide continuous down slope to the drain exit so that
conpl ete drainage is acconplished wwth the airplane in the normal
static ground or level flight attitude. |[If not possible, consider
addi ng sunp type drain valves at the applicable | ow points. Were
drain valves are required, use the criteria discussed previously.

g. lgnition Source Isolation Eval uation

(1) SystemElectrical Bonding (88 23.863 and 23.867). All
auxi liary fuel system conductive conponents such as electrical
equi pnent, fuel tanks, lines, etc., should be electrically bonded to
airplane structure. |If two or nobre conponents are grounded in series,
both ends of the ground circuit should be grounded to ensure that the
| oss of an internediate ground connection will not |eave any conponent
i solated fromground. The bondi ng junper should be as short as
practicable and installed in such a manner that the resistance of each
connection does not exceed .003 ohm Special enphasis should be
pl aced on bondi ng when addressing nonnetallic or conposite auxiliary
fuel tank/systens. The applicable auxiliary fuel systeminstallation
drawi ngs should identify the discrete attachnment points requiring
bondi ng. The surface treatnent(s) required should al so be specified
by an applicant's specification(s) which should be submtted to the

14



8/5/91 AC23-10
cogni zant certification office during certification. Verification of
adequat e bondi ng shoul d be acconplished during installation and when
mai nt enance is performed on the auxiliary fuel systemin the airplane.

(1) Wring Isolation in Fuel or Fuel Vapor Environnent.

(A) Electrical wiring in fuel or fuel vapor
envi ronnent shoul d be adequately protected to prevent damaged wi re(s)
fromigniting fuel/fuel vapor. Installation of the electrical wring
in a sealed netallic conduit is an acceptable nethod to neet this
criteria. The conduit seal should be sufficiently airtight that
conmbusti on cannot be mai nt ai ned.

(B) Flexible conduit conformng to specification
M L-C-6136, Conduit; Electrical, Flexible, Shielded, A um num All oy
for Aircraft Installation, Types | or |I, or equivalent, may be used
where it is inpractical to use rigid conduit, such as, areas that have
nmoti on between conduit ends or where conpl ex bends are necessary.

(© Conduit installation considerations include the
fol | ow ng:

(1) Metallic conduit should have a | owresistance
bond of less than .003 ohmto airplane structure.

(2) To prevent wire chafing at the conduit ends,
suitable end fittings should be installed so that a snooth surface
conmes in contact with the wire(s) inside. Wen fittings are not used,
flare the end of the conduit to prevent wre insul ation damage.

(3) The conduit should be supported by clanps al ong
the conduit run to prevent chafing agai nst structure and to avoid
stressing the end fittings.

(2) VLightning Vulnerability (8 23.954).

(1) Systemlnstallation. The auxiliary fuel system
installation should be evaluated fromthe standpoint of |ightning
vul nerability. Where possible, conmponents, installation practices,
and | ocations should be used that were originally type certificated on
the airplane if service experience has been acceptable. Sone itens
and areas that may be susceptible to fuel ignition or indirect effects
of lightning include, but are not limted to, the foll ow ng:

(A) Vent outlets, netal fittings and nmechani cal
fasteners inside fuel tanks, fuel filler caps and access doors, drain
pl ugs, tank skins, fuel transfer lines inside and outside the tanks,
and el ectrical and el ectronic fuel system conponents and w ring.

(B) Advisory G rcular 20-53A, "Protection of
Aircraft Fuel Systens Agai nst Fuel Vapor Ignition Due to Lightning,
addresses the subject in nore detail.
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(C The primary areas of concern for auxiliary
systens are all fusel age penetrations, such as protrudi ng nasts,
access provisions, vents, and drains which can be susceptible to a
direct strike or corona effects. Details of all attachnents,
fittings, etc., should be reviewed to ensure there will be no arcing
or sparking and that adequate el ectrical bonding has been provided.
Conposites in the basic airplane in areas that involve a portion of
the auxiliary fuel systeminstallation should also be eval uated for
indirect effects. Indirect effects are induced el ectromagnetic
effects which occur froma lightning strike (such as induced sparking
in fuel system conponents or wring).

(1i) Protruding Masts.

(A If the existing vent and drain masts were
designed to reduce lightning vulnerability, it is recommended that
they be used for the auxiliary fuel systemal so unless such use would
conprom se their original intended function

(B) If additional masts or overboard drain |ines
are required, an evaluation of lightning protection should be
conducted. However, the evaluation may be m nim zed by using the sanme
desi gn and general |ocation as the previous type design.

(C© Access doors or caps should provide isolation
of the fuel system conponents (drains, etc.) with respect to
l[ightning. This isolation should prevent transfer of electrical
di scharge into the fuel system conponent(s) and channel or dissipate
the energy into airplane structure.

(tii1) Vent and Drain Protection.

(A) Cenerally, auxiliary fuel tank vent systens are
integrated with the existing main fuel tank vent systemon the
ai rplane being nodified. The main tank vent outlets nmay have been
designed and certified for lightning protection. Were auxiliary tank
venting is provided separately, it is advisable to consult the type
certificate holder to determ ne a satisfactory vent exit |ocation and
configuration. 1In general, to inprove lightning protection, flush
outlets are preferable instead of masts. Vent outlets should not be
| ocated in a direct (zone 1) or swept stroke area. Depending on the
particul ar design, flanme arresters may al so be required in the vent
system proper. Vent systemexit design is a critical elenment of
ai rpl ane safety and requires a consi derabl e background know edge of
the possible lightning strike zones of the particul ar airplane being
nodi fi ed.

(B) When fuel tanks requiring secondary barriers
are adj acent to passenger areas, the vent outlet for the airspace
bet ween the barriers should be designed to the sane criteria used for
tank vents; i.e., assumng that the effluent is a conbustible mxture
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of fuel and air. These cavity vents should not be conbined with or
directly ported into other main or auxiliary tank venting/drai nage
systens. Cavity venting and draining provisions can be conbined as a
single function and routed to a single drain mast, preferably an
existing main tank cavity drain on the airplane being nodified.
However, care nust be taken to ensure that the pressure differential

wi |l always be such that the cavity wll drain.

(C© Drain valves should be |ocated at or in the
lines near the tanks to be drained and not installed on the external
surface of the airplane. |If tunnels or spaces are required to obtain
access to drain valves, the use of nonconductive materials to isolate
t he val ves from possible Iightning arc-over or conduction into fuel
tanks or fuel carrying conponents should be considered. Each access
configuration should be evaluated for conformance to |ightning
protection criteria.

(tv) Bonding for Lightning Protection (8 23.867).

(A A mnimmof two bonding junpers should be
install ed between a conductive tank and the airplane structure.

(B) Individual bonding junpers should not be | ess
than no. 12 American Wring Guide (AW5 for stranded cooper wire or
no. 10 AW5 for stranded al um num w re.

(3) Explosion Considerations.

(1) Electrostatic Charge.

(A) The auxiliary fuel system should be eval uated
fromthe standpoint of electrostatic charge build-up. Unless there
are nmeans to progressively drain off the charge, electrostatic
potential can build up to hazardous | evels (sparking discharge |evels)
in areas of the fuel systemwhere fuel flow velocities are high or
where there is a high degree of fuel agitation. Sonme of the areas of
concern are refueling outlets into the fuel tank and | ong | engths of
refueling or fuel transfer hoses where the hose material is highly
nonconductive to electrical currents. (For exanple, teflon hose was a
problemin this respect until the teflon was fornmulated with a
graphite or other materials to make it nore conductive.) High
el ectrostatic potential can persist for long periods after build-up in
sone cases. Explosions have occurred many hours after refueling when
personnel introduced objects at ground potential into the bl adder
cells.

(B) Electrostatic potential build-up can be reduced
in tanks by locating fuel outlets near the bottom of the tanks and
directing outlets away fromdirect inpingenent on tank structure (to
reduce splashing and sl oshing) and expanding the outlet fitting area
to reduce the outflow velocity. Electrically bonding the tank
fittings to structure may al so help by progressively draining off the
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charge. Sizing hoses and ot her conponents to reduce flow velocities
may allow nore tinme for charge relaxation. A long run of electrically
nonconducti ve hose can be broken up using netal fittings or |engths of
metal tubing, each grounded to structure, to provide additional area
for charge rel axation

(© The internal tank coatings can influence the
degree of fuel electrostatic charge relaxation. The use of dielectric
primer, corrosion protective coatings, and painting on internal tank
wal I s shoul d be consistent with the desired overall fuel tank wall
conductivity.

(D) Tank foam nay be used.

(1i) Conponent Isolation. Conponents |ocated in a fuel or
a fuel vapor environnment should be designed such that there is no fire
or expl osion hazard during normal operation or under a failure
condition. This should be acconplished by ensuring that there is no
sparking that could cause ignition

(ti1) Spark Isolation (Explosion Proofing).

(A) Cenerally, electrical conponent manufacturers
have denonstrated spark isolation or explosion proofing by test
simlar to ML STD 810 where a high intensity spark is intentionally
set-of f inside the conponent case which is filled with a flanmabl e
fuel air mxture and with the conponent imersed in a flammabl e fuel -
air mxture environnent. The external environnent is then ignited to
prove its flammbility. A test of this type does not depend on the
failure node since the cause of the spark is not inportant in this
situation. However, a failure node anal ysis should be conducted to
ensure that the test is adequate and sinulates all the actual
conditions anticipated in service. For the particular auxiliary fuel
system application intended, service |ife characteristics (such as the
degradation of seals with tine, etc.) should be considered to ensure
adequat e expl osion proofing. Auto ignition of fuel vapors due to hot
conponent surfaces resulting fromfailures such as dragging fuel punp
rotors or shorting of electrical notor stator wires to the case should
al so be consi dered.

(B) For sonme conponents, such as fuel quantity
probes, expl osion proofing can be shown by denonstrating that the
circuit energy is less than 0.2 mllijoule under normal or any failed
condition. Such conponents are then considered as intrinsically safe
with no further substantiation.

h. Environnental Properties Eval uation.

(1) Normal Environnment Properties.

(1) Fuel Resistance. Fuel resistance deficiencies have
produced problens in the past.
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(A) An aspect which should be evaluated is the
prol onged effects of fuel exposure. Sonme materials, certain plastics
in particular, which exhibit short-termfuel resistance have, over a
prol onged period, deteriorated under the influence of fuel or fuel
vapor.

(B) New innovative material applications, such as
conposites and new bondi ng adhesi ves, should be thoroughly tested to
determne the long-termeffects of fuel and fuel vapor exposure.
Surface treatnents, coatings, and sealants intended to reduce
weat hering and corrosion and seal structural areas should al so be
substantiated to ensure fuel and fuel vapor resistance, where
appl i cabl e.

(© If aconmponent is lifelimted, the limts due
to fuel environnental conditions should be defined, particularly for
nonnetal lic itens.

(1i) Fuel Additive Conpatibility. An evaluation should
be made of the effects of additives, approved for the airplane, on the
conponents of the auxiliary fuel system The applicant should
substantiate, by suitable nethods, that the use of approved additives
does not deteriorate these conponents or restrict the use of specific
additives by suitable warning placards on the airplane and notices in
the limtations section of the AFM

(ti1) Corrosion and M cro-(Ogani sm Resi stance. Corrosion
in auxiliary fuel systens is primarily due to entrained water in the
fuel and the acids produced by the associated m crobial contam nation.
Thus, corrosion protection is especially inportant for tanks, sunps,
and equi pment |ocated in sunp areas. Metal tanks and conponents
shoul d be nmade of materials resistant to corrosion or otherw se
suitably protected. Metal conbinations (dissimlar materials) which
are subject to electrolytic corrosion problens should be avoi ded.
Magnesi um copper, cadm um and brass should not be used in auxiliary
fuel systens as these netals are very active chemcally. The
conbi nati on of graphite |layers of conposite construction attached
directly to alumnummay result in intergranular corrosion and shoul d
be avoided. WMaterials used for bladder cells, seals, and conposite
tanks and fittings should be resistant to m crobial contam nation.

Bl adder cells should conformto Technical Standard Order (TSO C80 or
ot herwi se be shown suitable for the intended application.

(iv) Tenperature Range Suitability. Mterials and
conponents used in the auxiliary fuel system should have suitable
properties and should performtheir intended function throughout the
approved airplane operating envelope. |In sone instances, they have
been exposed to tenperatures as low as -65°F or |ower and as high as
250° F, or even higher. Some rubber and plastic materials, for
exanpl e, have excellent flexure properties at roomtenperature, but
becone unacceptably brittle at | ow tenperatures.
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(2) Extrene Environnent Properties. Extrenme environnent
properties are those properties a material or conbination of naterials
shoul d have under certain conditions which are not encountered during
the routine operating life of the materials. Exanples are conditions
whi ch may be inposed by conponent failure or crash environnents. An
eval uation of the extrene environnment properties should account for
the fol |l ow ng:

(1) Flexibility and Resilience. The properties of
flexibility and resilience should, to a certain degree, be considered
as a part of the normal environnental condition for flexible |iners.
Materials and parts for rubber fuel lines should provide resilience
and flexibility and conformto TSO C53 or otherwi se be shown suitable
for the intended application.

(1i) Heat-Strength Characteristics. The high tenperature
strength properties of materials used in the auxiliary fuel system
shoul d be considered for those conponents which may be subjected to
sources of heat due to the failure of some conponent in another
adj acent conpartnent or adjacent system In addition, these
configurations should be capable of sustaining the critical flight and
| andi ng | oads and thus the integrity of the system under these
condi ti ons.

i. Nonnetallic Material (88 23.601, 23.603, 23.609, 23.613,
23. 615, 23.619, and 23.867). The suitability and durability of
materials used for nonnetallic auxiliary fuel tanks should be
established by tests. Advisory G rcular 20-107A, "Conposite Aircraft
Structure,” should be reviewed for applicability when conposite
materials are used. The follow ng el ements should be considered in
establishing material properties and substantiating the nonnetallic
auxiliary fuel tank structure by tests:

(1) Aging of the lamnate in the operating environnent,
i ncludi ng wear, due to tenperature, pressure, cavitation, noisture
content changes, etc.

(2) Chemcal reactions with fuel vapor, cleaning |liquids,
sol vents, salt water vapor, and any ot her contam nates such as fungus
in the tank.

(3) Static electrical charge, bonding, or lightning strike.

(4) Any other elenents characteristic of or unique to the
type of nonnetallic material, nmethod of processing, and design
appl i cations.

(5 A manufacturing process to ensure repeatability of
mat eri al properties.
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(6) Inspection techniques for manufacturing and for continued
ai rwort hi ness.

(7) Statistically based material strength properties for
critical tank structure. Strength, detail design, and fabrication
should m nimze the probability of fatigue failure. Chapter 9 of
M L-HDBK-5, "Metallic Materials and El enents for Aerospace Vehicle
Structures,"” and ML-HDBK-17, "Plastics for Flight Vehicles," contain
procedures for establishing such properties.

(8) Conposite repair procedures defined by the applicant and
approved by the FAA

J. Fuel System Performance. The applicant should eval uate the
auxiliary fuel system performance throughout the certified operating
envel ope of the system This should include an FAA w tnessed
functional ground and flight test program As noted earlier,
installations that involve changes in primary structure, airspeed,

c.g. limts, aerodynamcs, weight limts, or mass distribution require
addi tional substantiation that is beyond the scope of this AC

k. Normal Operation Eval uation.

(1) Refueling and Transfer Performance.

(1) Refueling and Transfer Flow Rates and Pressures
(88 23.951, 23.955, 23.957, 23.961, 23.979, and 23.991).

(A) The auxiliary refueling system shoul d be
anal yzed to determne that the flow rates and pressures are
acceptable. Fueling flow rates should al so be denonstrated and
verified by ground tests. The tank vent system capacity should be
verified for the required operations and refueling system nmal functions
to ensure that overpressurization of the tanks, including the existing
ai rpl ane mai n tanks when applicable, does not occur. Verificationis
al so required that the pressure fueling nmanual or automatic shutof f
means does not produce unacceptabl e surge pressures which nay danage
the systemor fueling equipnment or rupture fueling lines. This
verification can be acconplished by ground or |aboratory refueling
tests using fast response pressure transducers and recorders or
subm ttal of previously accepted simlar tests and service history
dat a.

(B) Transfer rates should be determ ned to show
conpliance wwth § 23.955(d) for all flight conditions in which
transfer wll be permtted to ensure that the receiving tank will be
nei ther overfilled nor depleted before transfer is conpleted. It
shoul d be shown that transfer does not present any hazard, such as
unwanted fuel mgration, during such flight conditions. Any
restrictions on transfer, such as duration or flight operating
condition, should be outlined in the limtations section of the AFM
It should be assuned that the transfer system m ght be left on
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i nadvertently; therefore, it should also be shown that transfer under
conditions not permtted by the AFM woul d not present any hazard. It
shoul d be shown that the fuel systemconplies wth § 23.955(d).

(C© Conpliance with the hot weather operational
performance requi renents of 8 23.961 should be shown for auxiliary
feed systens that feed directly to the engine. This is normally
acconpl i shed by conducting a hot fuel test (see AC 23.961-1); however,
it my, in some instances, be sufficient to show that the systemis
simlar to a previously approved systemor to submt an anal ysis that
i's supplenented with conponent test data.

(ii1) Fuel Tank Capacities (Usable Fuel, Sunp Capacity,
Undr ai nabl e Fuel , and Expansion Space) (88 23.959, 23.969, and
23.971) .

(A) For direct feed auxiliary fuel systens, the
unusabl e fuel requirenents of 8§ 23.959, apply (see AC 23.959-1 for
met hod for determnation). For transfer type auxiliary fuel systens,
t he unusable fuel is the quantity of fuel remaining after transfer
under the nost critical steady state airplane flight attitude and
altitude conditions permtted by the AFM

(B) Sunp capacity is a part of the unusable fue
and as previously noted, is defined by 8§ 23.971(a).

(C© The undrainable fuel quantity should be
measured, usually during the initial filling of the auxiliary tanks as
a part of FAA witnessed ground tests. The undrainable fuel quantity
is the fuel remaining in the systemafter all fuel possible has been
sunp drained fromthe system It is not usually necessary to
conpletely fill the tanks to determ ne the undrainable fuel, as the
undrai nable fuel is fuel trapped between stringers, at |ow points in
fuel fittings, etc. Determnation of undrainable fuel is typically
done by adding a known quantity of fuel to the tank sufficient to
cover all potential trapping cavities and then draining the tank. The
di fference between the anmount of fuel added and that which is drained
is the undrainable fuel. 1t is recomended that the undrainable fuel
not exceed the capacity of the fuel tank sunp.

(D) The maxi mumtank fueling capacity should take
into consideration the expansi on space requi renents of 8§ 23.969, Fuel
Tank Expansi on Space. The expansi on space volunme is the space
avai l abl e for fuel thermal expansion within the tank itself and does
not include vent line volune. Basically, the expansion space is the
volume fromthe tank full level to the |evel where fuel wll just
begin to enter the vent |ine.

(E) Figure 1 shows how t he expansi on space woul d be
defined for three different vent configurations. The expansion space
vol une shoul d be subtracted fromthe total volunme of fuel at the |leve
at which fuel will just begin to enter the vent line, and does not
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i nclude the "conpression"” space above the vent opening. The expansion
space shoul d be derived for the airplane in its normal ground
attitude. Expansion space capacity is verified during the airplane
ground fueling tests conducted as a part of the test program

(F) Gound tests of the installed system should be
conducted in accordance with 8 23.979 with the airplane in the correct
ground attitude to verify that the expansion space requirenents are
mai nt ai ned for pressure fueling to the maxi mum automatic fuel shutoff
| evel, verify tank(s) pressures during failure of the auto shutoff and
al so provide the correct values for usable and unusabl e system fuel.

Expansion Space Expansion Space

Fuel /—\/ ]
1 .
Leve f Tank T \T—— T
(a) (B) (c)
Figure 1 - EXAMPIES OF ANSION SPACE DEFINITION

(iii) Pressure Relief (Water Hamrer and Thermal Expansion) (88
23.995). The designer should evaluate the pressure fueling and
transfer or direct feed systemoperation to ensure that no damagi ng
fuel line pressures wll occur during flow shutoff or due to thernal
expansion effects. Normally, sufficient flex line length and the use
of "slow' shutoff valves or valves with thermal relief features wll
negate this problem In sone cases, relief valves or other neans may
need to be incorporated in the system
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(tv) Vent System Anti-Si phoning (8 23.975). The
auxiliary tank vent system should be arranged so that no hazardous
quantities of fuel can mgrate fromone tank to another tank or be
di scharged overboard during any normal flight attitudes. However, the
tank vent design is to ensure that fuel wll drain clear of the
ai rplane during fuel discharge conditions. This should also be
addressed for a ground attitude with the airplane parked on a ranp
with a one percent sl ope.

(2) Operating Limts (88 23.1501 through 23.1529). Assum ng
that the airspeed, c.g., maxi num takeoff wei ght and maxi num | andi ng
weight limtations will not be changed as a result of the auxiliary
fuel systeminstallation, the applicant's alternatives may be
tradeof fs between payl oad wei ght and auxiliary fuel system weight at
maxi mum capacity |l oading. Using these criteria, the applicant should
review the requirenents of Part 23, subpart G Operating Limtations
and Information, to ensure that the auxiliary fuel system design does
not degrade the airplane performance and other requirenents stated in
this subpart.

(1) Operating Airplane Flight Envel ope. The
installation of the auxiliary fuel system should not restrict the
operating flight envel ope of the airplane, or a major recertification
effort may be required. This does not nean that the auxiliary fuel
system must function (transfer fuel) at all existing extrenmes of the
ai rplane flight envelope. Envelope |imtations on the transfer of
auxiliary tank fuel should, however, be stated in the AFM Using the
above criteria, the applicant should ensure that the auxiliary fuel
systemw || not be adversely affected by exposure to the tenperatures,
pressures, altitude variation, and flight |oads encountered in al
regions of the airplane flight envel ope.

(1i) SystemElectrical Power Requirenments (88 23.1351 and

23. 1357) .

(A) If additional equipnment which consunes
el ectrical power is installed in an airplane, the revised total
el ectrical |oads should not exceed the generator or alternator output
ratings and limts prescribed for the airplane, or the ratings of any
ai rplane bus(s). To ensure that the design neets the criteria, the
applicant should provide the foll ow ng:

(1) Power requirements for each of the equipnment
itens which will be installed.

(2) Wring diagranms for the equi pnent installation.

(3) An updated, electrical |oad analysis for the
ai rplane including the auxiliary fuel system
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(B) An appropriate circuit protective device
(circuit breaker of fuse) should be installed as close as possible to
the el ectrical power-source bus. Good engineering practices for
selection of circuit breakers should consider the foll ow ng:

(1) The mnimumrating commercially-available
airplane circuit breaker size which will power the normal (i.e.,
i ntended) | oad w thout nuisance trips, thereby m nim zing deliverable
power to possible fault | oads.

(2) Integral three-phase circuit breakers to
protect three-phase | oads.

(3) The selected circuit protective device should
be consistent with the airplane electrical system protection and
shoul d protect the smallest wiring in the circuit.

(ti1) Fuel Quantity System Calibration and Limtations

(8 23.1337(b)). Part 23 requires that fuel quantity gages read zero
when the fuel remaining in the tank is equal to the unusable fuel
supply. If a fuel quantity indicator is installed (see

8§ 23.1337(b)(5)), it should be calibrated for usable fuel wet, i.e.,
with a specific fuel of known density to substantiate that the fue
measurenent system as installed in the airplane, indicates zero in a
I evel flight attitude. The applicant may want to increase the
unusable fuel to the zero limt of the gage in sone cases where the
gage cannot be calibrated down to the actual unusable tank fuel |evel,
inlieu of replacing the gage. The calibration al so enconpasses

addi tional readings of the fuel quantity gage which are conpared

agai nst a standard, usually the readings taken froma fueling system
having a calibrated accuracy of 0.5 percent.

I. Fail-Safe and Energency Operation Evaluation (8 23.903(c)).
It is the applicant's responsibility, as a part of the certification
conpliance program to analyze and submt a report(s) on the auxiliary
fuel system conmponent failure nodes and consequences of these
failures. It should be shown that the resulting consequence of any
single or probable conbination of failures will not affect the
functional isolation of the engines or jeopardize the safety of the
airplane. The fail-safe criteria as defined in appendix 1,
Definitions, should be used as a guide in all design and fail ure node
anal yses.

(1) System Failure Mdes.

(1) Conponent Fail ure Mbdes.

(A) The applicant should anal yze the effects of
mal function or failure of each piece of equipnent installed in the
auxiliary fuel systemand ensure that no malfunction will result in a
hazard to the airplane. The analysis should include the effects of
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failure for all nodes of component failure and all nodes of auxiliary
fuel system operation, such as, pressure fueling and defueling, fuel
transfer or engine feed, and energency fuel jettisoning. The effects
of both detectable and undetectable failures should be anal yzed.

(B) \Wherever possible, the configuration should
i ncorporate neans to detect conponent failure in the system An
exanpl e of such detecting neans is the nonentary "on" position
detecting circuit incorporated in electric notor-operated fuel shutoff
valves. Valves with this feature are avail able as off-the-shelf
i tens.

(1i) Conponent Failure |Indication.

(A) As discussed in the previous section, failure
i ndi cation should be incorporated wherever possible to preclude
situations of undetectable failure which can jeopardi ze airplane
safety. Failure indication can be provided in a nunber of ways. The
best froma recognition standpoint is indication which is imediate
and draws attention. The nonentary "on" position, or in-transit |ight
for a notor-operated shutoff valve, a low fuel state warning |ight,
and an audi ble warning and light indicating fire or overheat are al
exanpl es of this type of indication. Continuous nonitoring indicators
such as pressure gages, fuel quantity indicators, and tenperature
gages can al so provide failure indication. However, these devices are
not as effective because they rely heavily on human judgnent and
al ert ness. \Were crew workl oads are heavy, such indications nay go
unnoticed for long periods or until the failure produces a critical
flight incident.

(B) Periodic inspection, such as the preflight
i nspection for fuel dripping fromthe auxiliary fuel system shroud
drain (indication of fuel system|eakage) is an essential function,
but does not preclude the chance of failure occurring during |ong
duration flights. Thus, assum ng other nmeans of detecting |eakage are
not incorporated, design precautions (for exanple, placing electrical
wiring in conduits where it is routed through shroud spaces) may be
necessary to preclude the chances that another failure will affect the
safety of the airplane.

(2) Operating Limts.

(1) Enmergency Electric Power Requirenents. There are
two conditions where the designer should carefully consider the
avai lability of electrical power in the event of a generator failure:

(A) Direct engine feed auxiliary systens where the
| oss of punp electrical power could create an unsafe operating
condi tion, such as an engi ne flane-out.

26



8/5/91 AC 23-10

(B) Direct engine feed or transfer auxiliary
systens where fuel managenent is required to maintain proper airplane
c.g. control (such as, fuel used late in the flight).

(© If, in either of these cases, fail-safe
features are used which require the need for energency el ectrical
power, these needs should be assessed to ensure that sufficient power
i s avail abl e.

(1i) Fuel Jettisoning (8 23.1001).

(A If the applicant uses a tradeoff between
auxiliary fuel system weight at maxi num fuel capacity and payl oad
wei ght (and thus there is no change in the airplane maxi mumt akeof f
and | anding weight), the fuel jettisoning requirenents of the airplane
shoul d be the sane as for the original, unnodified airplane.
Therefore, there should be no need to jettison auxiliary tank fuel.
Addi tion of fuel capacity which increases the maxi numtakeoff wei ght
of the airplane would require additional certification efforts which
are beyond the scope of this ACC One of these efforts would, however,
be to evaluate the need of auxiliary fuel jettisoning.

(B) Regardless of the need for auxiliary fuel
jettisoning, the applicant should ensure by failure node analysis or
denonstration that main tank fuel jettisoning can still be
acconpl i shed w thout hazard to the nodified airplane.

m Engine Ol System Capacity (8 23.1011). The applicant should
ensure that the additional fuel capacity of the auxiliary fuel system
thus the added flight duration, does not cause depletion of the engine
oi | supply under maxi mum oil consunption conditions and engi ne out
operation. Adequacy of the engine oil capacity should be shown as a
part of the conpliance for certification of the auxiliary fuel system

n. Main Fuel System Capacity and Fl ow Regul ati on. The applicant
shoul d show that there is no condition in which a receiving tank could
be overfilled fromthe auxiliary tank fuel. |f necessary, neans
shoul d be provided in tanks supplied with auxiliary fuel to regul ate
the fuel level in those tanks. There should be no condition in which
a receiving tank could be depleted during auxiliary tank transfer. In
sone cases, auxiliary tank fuel transfer cannot be initiated until the
receiving tank fuel has been used down to a certain quantity. This
limtation should be clearly stated in the AFM  The applicant shoul d
include in the AFMall limtations on the use of auxiliary tank fuel
and any warni ngs necessary in the operation of the system
Limtations and procedures should be evaluated with regard to
practicality and pil ot workl oad.

0. Radio Frequency Interference. The applicant should ensure
that the systemw Il not cause objectionable radio frequency
interference and not be adversely affected by radi o frequency
interference from other airplane systens.
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p. Airplane Center of Gavity Control.

(1) Since auxiliary fuel tanks are usually installed after
initial certification of the airplane and are not part of the basic
fuel system the weight and |location of the installation may introduce

conpl ex procedures in c.g. control. Several nodels of auxiliary fuel
transfer may be used, requiring c.g. control for each. |If a failure
can trap fuel in an auxiliary fuel system there should be a neans
provided to feed the engines and stay within the c.g. limts for the
remai nder of the flight (to reach the airport of destination or an
alternate airport). Instructions necessary to maintain the airplane
within the established c.g. limts are required by the operating

regul ati ons and by § 23.1583.

(2) An auxiliary fuel systeminstalled aft of the main gear
may affect the airplane ground handling operations. Especially for
ai rpl anes whi ch have not normally been ground handling limt critical,
speci al cautions and placards may be required. It may be necessary in
sone cases to institute refuel sequence controls to prevent tipping of
the airplane. Since renoval of interiors or other equi pnent could
al so aggravate ground aft c.g. problens, nmaintenance nmanua
suppl enments shoul d i ncl ude appropriate procedures and cauti ons.

(3) A neans of controlling the center of gravity may be
attained by providing c.g. ITimt charts wwth associated imts on
ai rpl ane gross weight, configuration, zero fuel weight, and fuel
schedules in the limtations section of the AFM In addition, fuel
transfer procedures should be provided for all nodes of transfer al ong
with instructions for c.g. control if fuel transfer is not avail able.

g. Airplane Placards and I nstrunent Marking Eval uati on.

(1) Location of Placards, Mrkings, Gages, and Swi tches, etc.
(88 23. 1555 and 23.1557).

(1) Cockpit placards, markings, annunciator |ights,
gages, switches, and controls for the auxiliary fuel system should be
| ocated in suitable areas with sufficient illumnation to ensure they
are easily readabl e during day and ni ght operations. The switches and
controls should be easily accessible to the ground or flight crews as
required by the applicable regul ations.

(1i) Special placards, located in the cargo conpartnent,
or adjacent to the auxiliary fuel tank installation my be necessary
to informor caution the ground crew about certain aspects of the
installation. For exanple, these placards nay state certain cargo
conpartment loading limts or restrictions, flexible cargo barrier
tensioning requirenents, or cautionary flammable fluid requirenents as
required. Suitable markings on the airplane exterior surface are
required identifying drain access doors, masts, fuel filler openings,
etc.

28



8/5/91 AC 23-10

(2) Instrument, Instrunment ldentification, Lighting, and
Calibration (88 23.1305, 23.1337, 23.1381, 23.1541, 23.1543, 23. 1553,
23. 1555, and 23.1583).

(1) A fuel quantity indicator should be installed for
each independent auxiliary fuel tank which provides indication to the
flight crew of the quantity, in gallons or pound, of usable fuel in
each tank during flight unless 8§ 23.1337(b)(5) is nmet. Indicators
shoul d be as accurate and conpatible with the existing airplane fuel
quantity indicators as possible and calibrated using the sanme units of
vol une.

(i) Instrument and switch markings should be easily
readable with instrunment |ights.

(ti1) Each instrunent, indicator, and switch should have
mar ki ngs/ pl acards which permt the crewto easily identify it.
Mar ki ngs and pl acards shoul d be di splayed i n conspi cuous pl aces and
shoul d be such that they cannot be easily erased, disfigured, or
obscur ed.

(tv) If the instrunment markings are on the cover glass of
the instrunent, there should be neans to maintain the correct
al i gnnment of the glass cover with the face of the dial.

(v) Each fuel tank selector control, if used, should be
mar ked to indicate the position corresponding to each tank.

r. Pilot's Operating Handbook (POH) or Airplane Flight Mnual
(AFM (88 23.1581 through 23.1587) (reference AC 23-8A).

(1) Auxiliary fuel tanks installed after initial
certification of the airplane require an FAA approved AFM suppl enent
or an appendix to the existing basic AFMto provi de appropriate
operating information, procedures, and limtations. Generally, an
appendi x to an AFMis appropriate when witten by the manufacturer of
the basic airplane, and a supplenent is appropriate when the applicant
for an auxiliary fuel tank installation is other than the
manuf act ur er.

(2) The applicant is responsible for preparing the AFM
suppl enent or appendi x whi ch shoul d be incorporated into the basic
AFM  The operating procedures and |limtations should be eval uated by
the FAA flight test crew as part of the flight test eval uations
prescri bed by the Type Inspection Authorization (TIA). Crew workload
shoul d be evaluated to determ ne whether it is still acceptable with
the addition of an auxiliary fuel system Crew workload shoul d be
considered early in the design of the system wth FAA participation,
to ensure that all considerations are properly coordi nated.
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(3) Sufficient information and data should be provided in the
AFM to ensure that the flight crewwll be able to understand and
operate the systemduring normal, abnormal, and enmergency operations
of the airplane.

(4) Abnormal procedures are those that are not norna
procedures and al so are not energency procedures. They iInclude
procedures for foreseeable failure situations where the use of speci al
systens or the use of regular systens may be expected to maintain an
acceptable level of airworthiness. |Imediate action is not usually
required. Since nost auxiliary fuel systens are add-on systens, which
are not included in the flight training syllabus of the airplane, the
AFM suppl ement or appendi x should be conplete in providing the
required information. To ensure conpl eteness of the AFM suppl enent
(or appendix), the follow ng discussion and format are provided as a
gui de for the type of information that should be considered.

(i) Limtations.

(A) Fuel Loading Limtations. The maxi num
Il owabl e fuel in each auxiliary tank shoul d be specified. Loading
imtations may be required to maintain weight/c.g. within limts;

a
I
i.e., certain main fuel tanks may be required to be | oaded before the
auxiliary tanks and the auxiliary tanks nmay be required to be | oaded

in a particul ar sequence dependi ng on the design of the system

(B) Fuel Managenent Limtations.

(1) Specific fuel usage procedures may be required
to maintain the weight and bal ance of the airplane within limts.
Additionally, flight planning imtations may be required if a single
failure can trap fuel in the auxiliary fuel system the main fue
system shoul d still provide sufficient fuel to the engines for the
remai nder of the flight, to reach the airport of destination or to an
alternate airport.

(2) A specific sequence of transferring auxiliary
fuel may be required as a result of fuel flow rates.

(C Operating Limtations.

(1) Maneuvering limtations should be specifi ed.

(2) Transfer of fuel during takeoff and |anding are
usual Iy prohi bited because of the crashworthiness fire hazard.

(3) Transfer of fuel during clinb or descent nmay be
prohi bited because of usabl e fuel consideration.

(D) M scellaneous Limtations. Cargo and floor
| oading restrictions may be required due to the auxiliary fuel tank
installation.
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(i1) Enmergency Procedures.

(A) Dtching. |If applicable, procedures should be
provi ded regarding transfer of fuel fromauxiliary fuel tanks and
pl acenent of controls and switches prior to ditching.

(B) No Fuel Transfer. Should fuel not transfer and
becone trapped in the auxiliary tanks, procedures should be included
to regain transfer capability. |If transfer is still not avail abl e,
managenent procedures should specify how to maintain weight/c.g.
within limts.

(ti1) Normal Procedures/Abnormal Procedures.

(A) Fuel Loading. Instructions necessary to enable
| oading of the airplane wwthin the established limts of weight and
center of gravity, and to maintain the loading within these limts in
flight should be provided.

(B) External Preflight Check. Detailed procedures
shoul d be specified.

(C Cockpit Preflight Check. Detailed procedures
shoul d be specified.

(D) Fuel Managenent and Transfer Procedures.

(1) Fuel Transfer. Detailed procedures should be
specified for each fuel transfer schedul e approved and shoul d i ncl ude
normal fuel transfer rates for use.

(2) Flow Check. Procedures to determ ne that
auxi liary fuel transfer is available should be specified, where
required.

(3) Fuel Jettison (If installed). Procedures
shoul d be established to dunp fuel, if desired, Tisting airspeed,
altitude, and configuration.

(E) Unusable Fuel (8§ 23.1585(f)). The unusable
fuel should be specified.

(F) Usable Fuel (8 23.1585(g)). WMaxi mum usabl e
fuel should be specified.

(itv) Performance. Any change in airplane perfornmance
shoul d be provi ded.
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(v) Auxiliary Fuel System Description. A detailed
description and functional schematic arrangement shoul d be provided.
This information may be provided in an unapproved section of the AFM
suppl enent (or appendi x) or may be included in the approved Section 3,
Nor mal Procedures. A suggested outline includes the follow ng:

(A) Fuel Transfer System

(B) Control Panel

(© Refueling System

(D) Electrical System

(E) Schematics.

s. Weight and Bal ance Manual Information (8 23.1589). Wi ght and

| oading distribution information including Ioading instructions should
be presented either in the AFM supplenent or in a separate wei ght and

bal ance control and | oadi ng docunent which should be referenced in the
AFM

t. Continued Airworthiness (8 23.1529). The inspections, tests,
repairs, and related intervals upon which conpliance with the
applicable certification basis is based should be included in a
mai nt enance manual suppl enent supplied by the applicant. The manual
shoul d al so contain conplete servicing information for the auxiliary
tanks and systens. |f the applicant proposes to have a system where a
tank(s) nmay be renoved or nade i noperable for maintenance purposes and
the remai nder of the systemremins airwrthy (as where nore than one
tank configuration is an approved configuration) or where the entire
systemis classified as renovabl e, conpl ete mai ntenance instructions
shoul d al so be provided detailing the nethods of system nodification
or renoval, resealing and restoring the conpartnents, and ot her
consi derations necessary to nmake the airplane airworthy. The
applicant should refer to Part 23, appendix G |Instructions for
Conti nued Ai rworthiness, when providing maintenance instructions.

BARRY D. CLEMENTS
Manager, Small Airplane Directorate
Aircraft Certification Service
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APPENDI X 1. DEFI NI TI ONS

The following definitions are applicable as used in the text of this
AC.

a. Auxiliary Fuel System An auxiliary fuel systemis a system
installed wthin the airplane which makes additional fuel avail able
for increasing the flight range of that airplane. The term
"auxiliary" nmeans that this systemis secondary to the airplane's nmain
fuel system i.e., that the functions of the main fuel systemare
i mredi ately avail abl e and operative in the event of failure or
i nadvertent depletion of fuel in the auxiliary fuel system (reference

§ 23.955(b)(2)). In essence, an airplane equipped with an auxiliary
fuel systemis capable of safe flight even when the auxiliary fuel
systemis not used, i.e., where its fuel storage capacity is not
required.

b. Min Fuel System A main fuel systemis a systeminstalled
within an airplane which is required for safe operation of the
airplane. Its primary function is to provide an independent,
uninterrupted flow of fuel to each airplane engine. Min fuel tanks
are those tanks which normally supply fuel directly to the engine in
at | east one operating node and are necessary to satisfy the
i ndependent feed requirenents of the airplane (reference §8 23.953).
These tanks al so contain the reserve fuel necessary for all flight
di versi ons and ot her contingenci es.

C. Fai | - Saf e.

(1) The FAA fail -safe design concept is a design nethodol ogy
where the effect of failures and failure conbinati ons nust be
considered in defining a safe design. The follow ng basic rules
involving failure events apply:

(1) In any systemor subsystem a single failure of any
el ement or connection during any one flight (brake rel ease through
ground decel eration to stop) nust be assuned w thout consideration as
to its probability of failing. This single failure event nmust not
prevent the continued safe flight and | anding of the airplane.

(1i) Additional independent failure events during any one
flight followng the first single failure nust al so be consi dered when
the probability of occurrence is likely (i.e., those conbinations of
failures not showmn to be extrenely inprobable). |If a critical failure
event cannot readily be detected, it nust be counted as a | atent
existing failure in addition to the first failure. The probability of
t hese conbined failures includes the probability of occurrence of the
first failure event.
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(2) The follow ng design principles and techni ques are
generally utilized to prevent single failures and Iikely conbi nations
of failures fromjeopardizing the continued safe flight and | andi ng of
t he airpl ane:

(i) Redundancy or backup systens that provide system
function after the first failure, i.e., two or nore engines, two or
nmore hydraulic systens, dual flight controls, etc.

(i1) Isolation of systenms and conponents, both physically
and functionally, so that failure of one element will not cause
failure of the other. This is sonetinmes referred to as system
i ndependence.

(ti1) Detection of failures or failure indication.

(tv) Functional verification, i.e., the capability for
testing or checking the condition of the conponents.

(v) Proven reliability and integrity to ensure that
mul ti pl e conponent or systemfailures will not occur in the sane
flight.

(vi) Damage tolerance that limts the safety inpact or
effect of the failure.

(vii) Design failure path that controls and directs the
failure event by design to limt the safety inpact.

(viii) Flight crew procedures followi ng the failure event
designed to ensure continued safe flight by specific crew actions.

(3) The FAA fail -safe design concept utilizes all of the above
ei ght design principles in whatever conbinations are required to
produce a fail-safe design. The enploynent of only one of the above
principles is sel dom adequate; generally, two or nore are used in the
design to satisfy the fail-safe design concept, i.e., ensure that
catastrophic failures wll be extrenely inprobable.

d. Passenger/Cargo Conpartnents. All conpartnents specifically
designed to provide a suitable Iife support environnment for people and
animals during all operating nodes of the airplane. These areas may
or may not be pressurized. These areas include, but are not limted
to, the cockpit, passenger conpartnents, and cargo and baggage
conpartments.

e. Zero/ Fuel Weight. Typically, civil airplanes are designed to
carry fuel in the wwngs. |In addition to any other advantages,
| ocating the fuel in the wings relieves wing bending stresses and
al l ows a hi gher maxi mum wei ght than woul d be possible with the sane
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quantity of fuel located within the fuselage. For such airpl anes,
zero fuel weight is established as a limt to ensure that maxi num w ng
bendi ng stresses are not exceeded by replacing fuel in the wwngs with
an equal weight of payload carried in the fuselage. Wen an auxiliary
fuel tank is installed within the fusel age, the existing zero fuel
weight limt is no longer directly applicable because the fuel
contained in that tank does not relieve wing bending stresses. It is,
therefore, necessary to reduce the zero fuel weight imt by the
maxi mum usabl e fuel capacity of the auxiliary tank. Alternatively,
the zero fuel weight imt nmay be redefined as the maxi mum zero w ng
fuel weight Iimt. Any fuel contained in the auxiliary tank would
then be treated as payload froma wei ght and bal ance standpoint.
Regardl ess of which procedure is used, the AFM nust clearly state the
[imt and its neaning.
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APPENDI X 2. ADVI SORY Cl RCULARS

The advisory circulars |isted bel ow can be obtained fromthe U S
Departnent of Transportation, Uilization and Storage Section,
M 443. 2, Washi ngton, D.C. 20590:

a. "Qualification of Fuels, Lubricants, and Additives for
Aircraft Engines," Advisory Crcular 20-24B, Federal Aviation
Adm ni stration, Decenber 20, 1985.

b. "Aircraft Fuel Control," Advisory G rcular 20-43C, Federal
Avi ation Adm nistration, QOctober 20, 1976.

c. "Protection of Aircraft Fuel Systens Agai nst Fuel Vapor
Ignition Due to Lightning," Advisory Crcular 20-53A, Federal Aviation
Adm ni stration, April 12, 1985.

d. "Conposite Aircraft Structure," Advisory G rcular
20-107A, Federal Aviation Adm nistration, April 25, 1984.

e. "Fuel Drain Valves," Advisory Crcular 20-119, Federal
Avi ation Adm nistration, February 7, 1983.

f. "Water in Aviation Fuels,"” Advisory G rcular 20-125, Federal
Avi ation Adm nistration, Decenber 10, 1985.

g. "Design Considerations for Mnimzing Hazards Caused by
Uncont ai ned Tur bi ne Engine and Auxiliary Power Unit Rotor and Fan
Bl ade Failures," Advisory Crcular 20-128, Federal Aviation
Adm ni stration, March 9, 1988.

h. "Flight Test Guide for Certification of Part 23 Al rplanes,"”
Advi sory G rcul ar 23-8A, Federal Aviation Adm nistration, February 9,
1989.

i. "Substantiating Flow Rates and Pressures in Fuel Systens of
Smal | Airplanes,” Advisory Circular 23.955-1, Federal Aviation
Adm ni stration, June 10, 1985.

. "Unusabl e Fuel Test Procedures for Small Airplanes," Advisory
Crcular 23.959-1, Federal Aviation Adm nistration, January 14, 1985.

k. "Procedures for Conducting Fuel System Hot Wather Operation
Tests," Advisory Crcular 23.961-1, Federal Aviation Adm nistration,
January 14, 1987.

|. "Procedures for Determ ning Acceptable Fuel/ Q1| Ratio as
Requi red by FAR 23.1011(b)," Advisory Ci rcular 23.1011-1, Federal
Avi ation Adm nistration, Novenber 14, 1983.
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m "Installation of Fuel Flowreters in Small Airplanes with
Cont i nuous- Fl ow, Fuel -1njection, Reciprocating Engi nes," Advisory

Circular 23.1305-1, Federal Aviation Adm nistration, Decenber 21,
1984.

n. "Certification of Non-oxygenated Autonobile Gasoline (Autogas)
| nstead of Aviation Gasoline (Avgas) in Part 23 Airplanes with
Reci procating Engi nes," Advisory Circular 23.1521-1A, Federal Aviation
Adm ni stration, January 2, 1991.

0. "Acceptable Methods, Techniques and Practices--Aircraft

| nspection and Repair,"” Advisory Crcular 43.13-1A Federal Aviation
Adm ni stration, April 17, 1972.
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APPENDI X 3. RELATED READI NG MATERI AL

a. US Arny Aircraft Crash Survival Design Cuide, USARTL-TR-79-22A

b. ML-CG6136 - Conduit; Electrical, Flexible Shielded, A um num
Alloy for Aircraft Installation, Types | or Il

c. ML-HDBK-5 - Metallic Materials and El enents for Aerospace Vehicle
Structures

d. ML-HDBK-17 - Plastics for Flight Vehicles

1 (and 2)



